The effect of Zn-MgO deposition prepared through direct electrolytic co-deposition on mild steel was studied. The experiment was conducted at current density between 0.5 and 1 A/cm
1.

Introduction
Co-deposition with the help of composite coating is a straightforward and cost-effective method of preventing corrosion and mechanical failure. The presence of certain alloying elements in the bath considerably affects the morphology, growth and kinetics of coating. However, with the choice of proper plating parameters, electrodeposition can still give better coatings with fine surface finish that will exhibit high degree of corrosion resistance and mechanical properties such as micro-hardness, wear resistance, ductility, strength and decorative properties [1] [2] [3] [4] [5] [6] . Research has shown that the characteristics of deposited coatings depend on several factors which include pH, current density, applied voltage, bath composition temperature and additives [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
The use of Zn metal for composite coatings is finding increased interest in surface technology and corrosion protection, owing to its superior corrosion and wear resistance in addition to extended lifetime. However, the use of Zn matrix in the generation of composite coatings is scanty compared to Cu, Ni and other alloys [17] [18] [19] [20] . Thin films of Ti-Si-N by physical vapor deposition (PVD) were prepared with the intention to improve the wear resistance of TiN coatings [18] [19] [20] [21] [22] [23] . The influence of Zn-TiO2 deposits on the surface morphology of a metal was studied [14] [15] [16] [17] [18] [19] and it was concluded that the nanoparticles have a strong influence on the deposit surface morphology. Several studies [24] [25] [26] [27] [28] [29] among others have revealed that the corrosion resistant properties of Zn coatings can be significantly improved upon by alloying with other transition metals and oxides such as Ni, Co, Cr, Sn, and TiO. In contrast to these alloying metals, information about the effect of varying additions of MgO to Zn coatings is sparse in the literature. In the present study, effects of the bath composition and deposition potentials on the physical and electrochemical properties of Zn-MgO coatings are discussed. Corrosion protection properties were analyzed using linear polarization, Tafel analysis and corrosion rate in 3.65% sodium chloride solution at 40°C.
The aim of this work is to investigate the influence of MgO in zinc rich concentrations with consideration of their structural, corrosion resistance properties, hardness and thermal studies.
2.
Materials and methods
Electrodeposition process
The formulated deposition bath was composed of 150 gL −1 ZnCl, thiourea. Analytical reagents and deionized water were used to prepare the plating solution. Before co-deposition, the MgO particulates of 20 ηm were incorporated into the bath electrolyte in the presence of other additives. The deposition setup tests were achieved on a setup vessel connected to a laboratory rectifier. The bath was stirred by a magnetic stirrer consistently with about 100 rpm at 40°C. The experiments were conducted at current density between 0.5 and 1 Acm −2 and applied potential of 0.3-0.6 volts. A carbon steel sheet of 20 mm × 40 mm × 2 mm was used as the cathode. A sectioned rectangular zinc plate of a size 25 mm × 50 mm × 3 mm with a well prepared surface was used as the cathode substrate to be plated. The chemical composition of the substrate is described in Table 1 and the varied deposited parameters are illustrated in Table 2 . Prior to deposition, the working substrates were polished mechanically, degreased and rinsed with water. The surface preparation was carried out using a polishing machine with emery papers in the order of 60 µm, 120 µm, 400 µm, 800 µm and 1600 µm grades. The substrates were sequentially cleaned in ethanol and distilled water for 10 minutes, rinsed with 5 % H2SO4, washed in distilled water, and then dipped instantaneously in the bath formulated to allow the deposition of the target ceramic composite coatings.
Microhardness measurement
The microhardness along the surface of the coated sample was measured with a high Dura Diamond based Vickers' microhardness tester. An indention load of 50 g and loading time of 10 s were used in this study. The average equal distance of indent was made and average mean value was obtained. 
Structural and phase composition
Chemical composition of the Zn/MgO MMC coatings produced by the electrolytic deposition method was investigated using the scanning electron microscope(SEM) equipped with energy dispersive X-ray spectrometer (EDS). Phase identification was carried out with a PANalytical EMPYREAN X-ray diffractometer using the CuKα radiation and operating at 45 kVand40mA and 25°C.
Electrochemical study
The electrochemical studies were performed with Auto lab PGSTAT 101 Metrohm Potentiostat using a three-electrode cell assembly in a 3.65% NaCl static solution at 40°C. The developed composite was the working electrode, platinum electrode was used as the counter electrode and Ag/AgCl was used as the reference electrode. The anodic and cathodic polarization curves were recorded by a constant scan rate of 0.012 V/s which was fixed between ±1.5 mV. From the Tafel corrosion analysis, the corrosion rate, potential and linear polarization resistance was obtained.
Results and discussion
Morphological characterization
Microstructures of the composite coating produced by ZnMgO alloy are shown in Figs. 1 and 2 . The structural image of Zn/MgO deposited alloy at additive concentration of 20 g in 0.5 A/cm 2 produced a homogenous, smooth and more stable modification with Mg disperses along the interface. In this case the coatings were well bonded to the substrate and the EDX indicate major element admixed constituent expected. It should be noted that the overall content of MgO is much stable due to the moderate nucleation progression and rate of transfer of the particulates in relation to the optimum process variable. This observation is in accordance with the reported case [17] [18] [19] that with proper process parameter and optimum composite incorporation range, spherical crystallites with dendrites free structure often occur which notably give rise to solid adhered coatings.
On the other hand, the microstructure of the coating produced by Zn-40MgO at 1.0 A/cm 2 was characterized with agglomeration of the solid crystal with few dispersed film which refuse to adhere properly. This challenge is associated with an increase in the particulate in the bath electrolyte which significantly affects the rate of transfer of films from the anodic region. In other words, the characteristic feature of this coating was micro-segregation in nature due to excessive doping of the ceramic oxide in the zinc rich electrolyte. Addition of MgO was found not to support and contribute to the enrichment of the metal matrix coating as expected due to diffusion problem. However, a reported study [21] pointed out that adhesion behavior of a coating doesn't necessarily depend on the fraction volume but the degree of dissolution assisted by the process control parameter at optimum range.
In order to have deep perception of the surface morphology of the deposited films, the atomic force microscopy was used to characterize the topographical pattern of Zn-20MgO-0.5 A/cm 2 as indicated in Fig. 3 . A spherical crystalline showing visible preciptate with distinctive topography of the embedded particulate was observed.
Results from XRD patterns of specimens obtained for Zn-20MgO-0.5 A/cm 2 is shown in Fig. 4 . The produced coating shows high intensity phases containing intermetallic intermediate of Zn, ZnMgO, Zn2Mg5, and ZnMg. The results were consistent with the EDSX-ray microanalysis. The main peaks found are with Zn, at 2θ Braga angle intensity of = 38.12°, 52.10°a nd 84.22°. From observation, new phase orientation of the metal particles precipitate for Zn/Mg admixed at 64.52°, 78.11°and 100.10°. With these formed phases, a complete dissolution of the participated composite was noted on zinc rich content, although enhanced buildup of strong intermetallic precipitates gives rise to the fine grain microstructures observed. Fig. 5a-d shows the thermo-structural behavior of heat treatment produced coating at 200°C for 4 h. The produced coating at Zn-20MgO-0.5 A/cm 2 ( Fig. 5a) shows good resilience to thermal deformation although with few affected heat zones observed within the interface compared to other coatings with severe heat treated pit. Figs. 5b,c follow the same trend as the former but with more heat infringement within the lattice. The Zn-40MgO-1.0 A/cm 2 coating in Fig. 5d shows a massive distortion of the grains crystal due to the initial agglomeration and poor adhesion characteristics. It is however necessary to mention that the recrystallization tendency often depends on the process parameter [22, 24] and this could outrightly influence the resilient behavior of deformation propagation. Thermal treatment resulted in evolution of MgO and pinholes were observed at 1.0 A/cm 2 . Nevertheless, the most improved surface characteristic after thermal treatment was obtained with Zn-20MgO deposition at current densities of 0.5 A/cm 2 .
Microhardness studies
The average microhardness values of the deposited coatings are shown in Fig. 6 with correlation of individual matrices. From . From all facts, the improvements in hardness obviously provide a geometric increase over the substrate and this was attributed to the crystal formation and superior nucleation. The adhesion and nucleation which yield the significant microhardness are reported to depend on the operating condition. Previous works [13, 14, 22] had affirmed that the microstructure evolved in coating is linked to processing parameters and hence provide grain size which is paramount to the buildup of surface hardness as shown by our result.
Upon observation and comparison of the surface hardness of the depositions before and after thermal treatment as shown in Fig. 6b , only Zn-20-MgO exhibited increased hardness at both 0. 
3.3.
Electrochemical test result of deposited alloys Fig. 7 shows the progression of deterioration and the susceptibility to corrosion in 3.65% simulated medium with an induced current propagation examined using potential/current measurements. Linear potentiodynamic polarization data for coated and control samples are shown in Table 3 . The differences in the potential values of the deposition were considered at 10 MA applied current. In all cases of the coated samples, the potential values increased as compared with the corrosion potential of the control sample (−1.53900 V). More so, the corrosion rate and current density decreased considerably for all coated alloy matrix. This is an indication that the deposited coatings produced an excellent bonding and adhesion with the substrate material. Furthermore, the coatings have a strong resistance to corrosion which is reflected in the decreased corrosion rate. Even though the behavior of the as-received sample is expected [21] , it is also important to mention that the degree of ceramics composite incorporation in little quantity has a 
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proven capacity to provide solid resistance against chloride attack.
3.4.
Thermo-chemical properties ( Fig. 9) coatings, there are visible appearances of corrosion products at the interfaces due to penetration of thermal-oxidation activities. Obviously the presence of ions of Zn 2+ and Mg 2+ could not resist sufficiently the induced activity as expected but rather aggravated the dissolution and corrosion product seen all over the interface.
Conclusion
The microstructure, thermal-oxidation and micro-mechanical properties of Zn-MgO induced composite coatings have been studied. From the results, the deposition of admixed binary composite particles in the presence of the MgO ceramic particulate significantly enhanced both mechanical and corrosion performance of the coatings. The most improved hardness property was 236.4 HVN by Zn-20MgO at 0.5pA/cm 2 . New crystalline structures are formed as a result of heat-treatment, with Zn20MgO at 0.5pA/cm 2 coatings still maintaining its performance, thereby possessing best properties among all series. Thermal stability of the composite coating improved with moderate addition of MgO into the Zn 2+ interface. Good morphology significantly distorts easy penetration of the temperature that engenders stability of the coated alloy.
